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eGlobal Brain Health Institute, University of California, San Francisco, CA, USA
f Achucarro Basque Center for Neuroscience, Leioa, Spain
gCentre for Precision Health, Edith Cowan University, Joondalup, Western Australia, Australia
hDepartamento de Psicologı́a, Facultad de Ciencias de la Vida y la Naturaleza, Universidad Antonio de Nebrija,
Spain
iInstituto Peruano de Neurociencias, Lima, Perú
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Accepted 19 August 2022
Pre-press 22 August 2022

Handling Associate Editor: Sara Fernández-Guinea

Abstract.
Background: Cognitive impairment and dementia may result from a combination of modifiable and nonmodifiable risk and
protective factors, such as the environment, educational attainment, time devoted to cognitively stimulating activities, and
physical activity.
Objective: This study aimed to investigate the mediating role of sociodemographic characteristics and lifestyle factors in the
years of education and cognitive performance in Peruvian adults.
Methods: This cross-sectional study included 1,478 subjects assessed by Addenbrooke’s Cognitive Examination Revised
(ACE-R). Using mediation models, we evaluated the mediation role of parents’ educational level, reading time (RT), and
physical activity time (PAT) in the years of education (IYE) and cognitive performance.
Results: People who reported having lived in an urban area during their childhood are estimated to have, on average,
2.085 years more formal education than those who lived in rural areas. In addition, 49% of cognitive performance scores
are explained by the mediation effect of reading and physical activity time in the IYE. This implies that higher levels of
education, mediated by RT and PAT per week, are 1.596 units associated with higher scores on the ACE-R.
Conclusion: Despite the fact that nonmodifiable factors (i.e., childhood residence area, parents’ educational level) seem to
exert an effect on older adults’ cognition, their influence is mediated by other factors that are indeed modifiable (i.e., reading
time, physical activity engagement). In this sense, lifestyle changes could help prevent or decrease the risk of cognitive
impairment and reduce the disease’s impact on vulnerable environments in Latin American and Caribbean countries.
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INTRODUCTION

In recent years, differences in dementia rates across
diverse populations have drawn the attention of
scientists around the globe [1–3]. Cognitive impair-
ment results from a combination of modifiable and
nonmodifiable risk and protective factors. Some of
the most widely studied protective modifiable fac-
tors include educational attainment, time devoted
to cognitively stimulating activities (e.g., reading),
and physical activity [4–7]. In fact, a recent pub-
lication shows that up to 56% of the dementia
burden in Latin American and Caribbean coun-
tries (LACs) could be attributable to a wide range
of modifiable risk factors [8]. On the other hand,
it has been well established that higher socioeco-
nomic status is associated with a healthier lifestyle
[9] through a combination of increased purchas-
ing power and understanding of the implications of
unhealthy behaviors. In this context, the study of
the impact of socioeconomic inequalities and other
social determinants of health on brain health and
cognitive function across the lifespan has drawn
increasing attention [10, 11]. This approach takes
particular importance in LAC, characterized by poor
access to health care, lower education rates, hetero-
geneity, diversity, unstable economy, and political
instability [12], which affect the establishment and
implementation of prevention and promotion poli-
cies.

The elevated level of inequity in LAC countries
might contribute to the diverse estimations of demen-
tia prevalence across countries. Along this line, it is
crucial to consider additional risk factors associated
with cognitive decline that are particularly common
within these regions. For example, access to edu-
cation in LAC is still concentrated in the wealthier
social strata of societies, and the most impover-
ished strata have fewer opportunities to complete
secondary or superior education [13]. Access to edu-
cation influences cognitive abilities, especially in
early life, and protects against the development of
dementia [14, 15]. This factor represents the 7.1%
risk factor prevalence in early life to develop dementia
[8].

Even if recent economic analyses reflect a better
current situation for certain LAC countries, moder-
ate poverty increased from 21% to 27%, and extreme
poverty rose from 7% to 11% by 2015 [16], affect-
ing primarily rural and suburban areas in the access
to education or the possibility to educate the chil-
dren owing to the lack of financial resources. In

this sense, estimating the prevalence of risk factors
should consider the lifetime of elderly subjects in
LAC.

Beyond sociodemographic factor data, other risk
factors, such as diabetes [17, 18], obesity [19], phys-
ical inactivity [20, 21], and hypertension [22], could
contribute to increasing the risk of cognitive decline
and dementia [23], suggesting that lifestyle changes
could be critical. Poor access to health care, treat-
ment, cultural influences on nutrition, and physical
activity aggravates the picture, and all these factors
influence the development and increase of demen-
tia in LAC. The lifestyle changes could be critical to
reducing this situation, although the evidence remains
mixed and inconclusive about the amount of dementia
that can be prevented with lifestyle changes [24].

In the specific case of Peru, inequality has been
associated with several factors, including migration,
poverty, and centralism (i.e., centralization of health
and economic resources in large cities such as Lima,
with the concurrent decrease in health or educational
services in the periphery of the city and rural areas)
[25, 26]. These factors impact the social determinants
of health across the territory and act in combination
with a lack of effective public health policies and
programs [25, 27]. In this sense, the absence of spe-
cific policies, the difficulty of health services delivery
to specific targets, such as the elderly population,
and the deficient design of health care programs [28]
are likely to negatively impact the brain health of
the Peruvian population. Therefore, assessing these
features could be the first step in the prevention of
cognitive decline and its associated reduction in the
quality of life of Peruvian older adults.

In Peru, living in a rural or urban environment
could determine access to a healthier lifestyle, nega-
tively affecting cognitive performance during aging.
Some studies suggest large inequalities between
rural and urban areas in low-income countries
in contextual, cognitive, nutritional, and academic
opportunities [29–31]. Some reports suggest that
socioeconomic inequalities are related to dementia
risk differences and modifiable health conditions and
lifestyle factors [10]. Nonetheless, the specific social
determinants that influence cognitive performance
are not well understood, especially in LAC countries.
Considering all of the evidence presented above, the
present study aimed to investigate sociodemographic
characteristics and lifestyle factors specifically influ-
encing cognitive function in Peruvian older adults,
applying mediation modeling to assess their contri-
bution.
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MATERIALS AND METHODS

Participants

The baseline sample consisted of 1,689 subjects
of both sexes who were recruited from 14 public
health centers in Arequipa, Perú, as part of the
following Survey in Health Services of Primary
Attention. Participants were volunteering county
dwellers, members of the aging center, who could
participate in approximately 60 min of neuropsycho-
logical evaluation under appropriate conditions. The
aging center is a governmental program associated
with public institutions to promote the physical, men-
tal, and social well-being of older adults across the
country. General inclusion criteria were as follows:
age between 50 and 90 years, a short form Geriatric
Depression Scale score ≤5, capable of speaking in
Spanish, with no verbal comprehension or expression
problems, and no history of psychiatric or neurologi-
cal disorders. The institutional review boards of aging
centers approved the study protocol, and the proce-
dure was performed according to the guidelines of the
Helsinki Declaration. The participants gave written
informed consent to participate in the study.

For the present analysis, we excluded subjects with
a Geriatric Depression Scale score >5 because of the
relationship between depression and worse cognitive
performance [32] (n = 120), those living in institu-
tions (n = 30), and those with missing cognitive test
scores (n = 61).

The sample for this study, therefore, included
1,478 participants (64.7% female). The results of the
descriptive analysis of participants’ performance are
displayed in Table 1.

Measures

Sociodemographic features, lifestyle factors, and
clinical history were analyzed through a detailed
survey administered via a 20-min face-to-face inter-
view in which data about demographics, lifestyle,
and comorbidities were collected. This survey was
composed of questions about sociocultural vari-
ables such as gender, age, education, socioeconomic
status, and lifestyle factors. These measures were
categorized as binary, tertial, or quartile variables
based on their frequency distributions. Education
was reported by the number of Years of Education
(YE). Marital status was classified as single, cohab-
itant, married, widowed, or divorced. The parent’s
educational level was treated as a dichotomous vari-
able (yes-no) and then displayed a list divided into

no schooling, between one and six YE, between
seven and 11 YE, and more than 11 YE. Medi-
cal history was answered with yes (one or more
chronic medical conditions) or no (absence of chronic
medical condition), and then multiple options were
provided to define the disease, including cardiovas-
cular, metabolic endocrine, psychiatric, oncological
disease, and others. The childhood residence area
(CRA) was evaluated with an open question about
where the participants lived before they were six years
old. Then, we classified the location between urban
and rural areas.

Regarding lifestyle factors, reading time was
evaluated considering the number of hours per week
in the last month. The information about physical
activity per week was determined by the reported
frequency of hours per week of physical activity,
including walking at a moderate pace, dancing, floor
or stretching exercises, jogging, gym, and other
relative activities. Current and ex-smokers were iden-
tified using two questions: “Do you smoke?” and
“How often do you consume?” Then, self-reported
information on the frequency of smoke consump-
tion was used to classify participants into four groups
according to the Likert scale: not consume (never con-
sume), very rarely (once a month or less), rarely (2-3
times a month), occasionally (1-2 times per week),
and frequently (1-2 times a day). The same questions
were used with alcohol and drug consumption.

We included these factors (educational level, child-
hood residence area, individual years of education,
parents’ education level, reading time per week,
physical activity time per week) based on previous
reports that explain how they impact cognition [14,
15, 33, 34].

To evaluate cognitive performance, participants
were screened using Addenbrooke’s Cognitive
Examination - Revised (ACE-R). This test was
applied to explore their cognitive functioning in dif-
ferent domains, such as verbal memory, attention and
executive functions, language, and praxis. The ACE-
R is a screening test that assesses six cognitive areas
(orientation, attention, memory, language, verbal flu-
ency, and visual construction functions). The version
of the test used here is a linguistic cross-cultural adap-
tation of Torralva et al. [35]. The maximum score
is 100 points, and the most commonly used cutoff
point is 88, with lower scores indicating the presence
of cognitive impairment. The internal consistency
analysis for the ACE-R in this study showed a Cron-
bach’s alpha coefficient of 0.904 (elements = 24),
which is considered acceptable.
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Table 1
Sociodemographic characteristics of the sample

All Rural Urban p corrected
(n = 1478) (n = 800) (n = 678)

Age (y) 67.30 ± 9.98 67.88 ± 9.32 66.49 ± 10.66 0.001a

Sex (%) Female 64.7 65.4 63.9 0.59b

Male 35.3 34.6 36.1
Individual’s educational level (y) 6.69 ± 5.06 5.11 ± 4.47 8.55 ± 5.08 <0.001a

Parent’s educational level (%) Illiterate 40.6 50.4 29.0 <0.001b

Fewer than 7 y 37.6 35.8 39.9
Between 7 and 11 y 17.4 11.8 24.0
More than 12 y 4.3 2.0 7.1

Medical history (%) Yes 49.4 53.6 44.4 <0.001b

No 50.6 46.4 55.6
Reading time per week (h) 1.95 ± 3.96 1.40 ± 3.10 2.59 ± 4.70 <0.001a

Physical activity time per week (h) 0.67 ± 1.71 0.55 ± 1.39 0.80 ± 2.03 0.102a

Current smoking status (%) Do not consume 93.9 95.3 92.3 0.069b

Very rarely 0 0 0
Rarely 5 4 6.2
Occasionally 1.1 0.8 1.5
Frequently 0 0 0

Alcohol consumption (%) Do not consume 0 0 0 0.069b

Very rarely 81 82.8 78.9
Rarely 15 12.9 17.6
Occasionally 3.7 4 3.4
Frequently 0.3 0.4 0.1

ACE-R score 63.77 ± 19.09 59.66 ± 18.61 68.63 ± 18.53 <0.001a

Table 1 provides the mean values ± standard deviations (in the case of continuous variables) or percentages (in the case of categorical and
ordinal variables) for relevant sample characteristics. The results are provided for the whole sample and stratified by childhood residence
area (rural or urban). Group comparisons were performed for all variables of interest (rural versus urban), where (a) the Mann-Whitney test
was applied in the case of continuous variables and (b) the chi-squared test was calculated for categorical and ordinal variables. p values
were corrected using the false discovery rate (FDR) to account for multiple testing. Significant p values are shown and marked in bold.

Statistical analysis

To ensure the quality and reliability of the data,
we conducted several preliminary analyses prior to
the formal analyses. First, we use descriptive statis-
tics to assess the frequencies, percentages, central
tendency, and dispersion measures. Nonparametric
contrast tests (χ2, U Mann-Whitney) were used con-
sidering the distribution of the data (checked using
Kolmogorov-Smirnov test) and homogeneity of vari-
ances (Levene test). Second, Spearman’s correlation
test examined how cognitive performance was asso-
ciated with age, educational level, reading time, and
physical activity time. Then, extension of simple
linear regression was used to investigate the over-
all associations between each factor and cognitive
function, adjusting for the covariables (age, sex, and
chronic conditions).

Mediation analysis investigated the mecha-
nisms underlying observed relationships between
sociodemographic factors, lifestyle, and cognitive
performance and examined additional hypothesized
variables on the causal pathway. Therefore, the final
model was constructed considering two steps: Step 1.

To evaluate the mediation role of parents’ educa-
tional level (PEL) between the individual’s years of
education (IYE) and childhood residence area (rural
versus urban; CRA), we used a simple mediation
analysis, where CRA is the independent variable
and IYE the dependent variable. The model con-
struction is presented in Table 3. Step 2: Regarding
the lifestyle factors, we evaluated the influence of
reading time per week, physical activity time per
week, current smoking status, and alcohol consump-
tion as mediators between educational level and
cognitive performance (see Table 4). The media-
tion models in both cases were constructed as a
function of the variance explained in every step for
the independent variable (i.e., in step 1: individual
level of education, and in step 2: cognitive perfor-
mance), as illustrated in Fig. 1, exploring covariables
such as age, sex, and chronic illness and the over-
all indirect effect of cognitive scores using Process
Macro. Process Macro is a bootstrapping statisti-
cal computed tool written by Andrew Hayes as
an extension for SPSS and computes X’s direct,
indirect, and total effects on Y and unstandardized
and standardized regression coefficients, standard
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errors, t, p values, and R2. Adjusted R-squared indi-
cated the proportion of variance explained by the
independent variables [36]. Additionally, previous
regressions and a final mediation model were run
to confirm predictors with 95% bias-corrected boot-
strapped confidence intervals with 10000 repetitions
(to correct for nonnormally distributed data). The
SPSS V. 22.0 statistical package was used for this
analysis.

RESULTS

Among the sample, the mean age was 67.30 years
old (±9.98), and 64.7% of the participants were
females. The largest group (43.1%) had between one
and six years of education; no schooling represented
15.7% of the sample. Approximately 50% of the par-
ticipants’ parents (fathers and mothers) had attained
fewer than seven years of formal education (43.2%
and 52.7%, respectively). Regarding lifestyle factors,
the mean Reading Time (RT) per week was 1.95 h
(±3.96), and the Physical Activity Time (PAT) per
week was 0.67 h (±1.71). Finally, the mean ACE-R
score was 63.77 (±19.09), and we found significant
differences in this score between rural and urban areas
(59.66 ± 18.61; 68.63 ± 18.53). See Table 1.

The association between sociodemographic
variables and lifestyle factors is reported in Table 2;
we can see that all variables are related to cognitive
performance. Older age is associated with lower
scores on the ACE-R (Coeff. –0.506; p < 0.01).
Fewer years of education are related to lower perfor-
mance in ACE-R (Coeff. 0.641; p < 0.01), reading
time (Coeff. 0.458; p < 0.01), and physical activity
(Coeff. 0.191; p < 0.01); also, physical activity per
week (Coeff. 0.191; p < 0.01) is also associated with
cognitive performance (Coeff. 0.213; p < 0.01).

The final model was constructed in two steps. Step
1: To evaluate the mediation role of parents’ educa-
tional level (PEL) between years of education (IEL)
and childhood residence area (rural versus urban;
CRA), we used a simple mediation analysis, where
CRA is the independent variable and ILE the depen-
dent variable. The unadjusted model explained 35%
of the variance; including age and sex as covari-
ables increased that percentage up to 45% of variance
explained in the full model, as shown in Fig. 1 Step
1. Chronic illness did not report meaningful results
related to IELs.

In this sense, people who reported having lived in
an urban area during their childhood are estimated to

have more than 2.085 years of formal education, on
average, compared to those who lived in rural areas.
The direct effect is c = 3.117 (CI: 2.681–3.554), and
the indirect effect ab = 1.032 (CI: 0.799–1.273); two
effects are significant. The direct effect is c = 3.117
(CI: 2.681–3.554), and the indirect effect ab = 1.032
(CI: 0.799–1.273); two effects are significant.

Regarding lifestyle factors, we evaluated the
impact of mediators such as reading time per week,
physical activity time per week, current smoking
status, and alcohol consumption on the cognitive
performance of the participants. Table 4 provides
the coefficient (coeff.) and p values for the cogni-
tive performance (dependent variable) of four models
considering covariables such as age, sex, and chronic
illness. We identified an effect of chronic illness
on physical activity time per week (Coeff. –0.357;
p < 0.01); we did not find any significant association
with cognitive performance (Coeff. –0.257; p = 0.73).
The final model includes RT and ST as mediators
between years of education (independent variable)
and cognitive performance (dependent variable). This
model explains 49% of the variance and considers
covariables such as age, sex, and chronic illness
(Fig. 1 Step 2). This means that higher levels of edu-
cation, mediated by RT and ST per week, are 1.596
units associated with higher scores on the ACE-R.
The direct effect (c = 1.596; CI: 1.430–1.763) and
the indirect effect (ab = 0.02; CI: 0.005–0.037) are
significant.

DISCUSSION

The evidence regarding which factors contribute
to the promotion of healthy aging and prevent cog-
nitive decline at an advanced age remains mixed and
inconclusive, especially when we refer to the lifestyle
changes that can successfully prevent dementia
through aging. Among the list of potentially modi-
fiable lifestyle factors associated with reduced risk
levels, we find years of education, cognitive activity,
and physical activity [20, 21]. According to the
Lancet Commission Report, modifiable risk fac-
tors, including low education and physical inactivity
among several others, could account for as much as
56% of the dementia burden in LAC [8]. Neverthe-
less, most of the studies looking at the protective
effect of lifestyle factors are based in certain world
regions (e.g., Europe and North America). As a result,
the effect of these variables on late-life cognition in
diverse populations remains to be elucidated. Given
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Fig. 1. Mediation analyses. Represents the two final models combined, where there is a significant effect from childhood residence area on
the individual’s educational level, which is mediated by the parent’s educational level. Moreover, there is a significant effect of the individual’s
educational level on the individual’s cognitive performance, which is mediated by time spent both reading and practicing physical activity.
Finally, reading time also predicts physical activity time. In both models, age, sex, and chronic illness were used as covariates. Coefficient
values (coeff.) are included in the figure, and significant relationships are marked with an asterisk (*).

Table 2
Associations between sociodemographic characteristics and lifestyle factors

1 2 3 4 5 6

1. Age 1
2. IYE –0.402∗∗ 1
3. PEL –0.224∗∗ 0.541∗∗ 1
4. RT –0.157∗∗ 0.458∗∗ 0.277∗∗ 1
5. PAT –0.046 0.191∗∗ 0.126∗∗ 0.358∗∗ 1
6. ACE-R –0.506∗∗ 0.641∗∗ 0.366∗∗ 0.504∗∗ 0.213∗∗ 1

Spearman’s correlation test was used to define the associations between age, individual years of education
(IYE), parents’ education level (PEL), reading time per week (RT), physical activity time per week (PAT), and
ACE-R scores. ∗∗p < 0.001.

Table 3
Model Construction: Educational level and childhood residence area

Model 1 Model 2 Model 3
Antecedent Coeff. p Coeff. p Coeff. p

X CRA 2.13 <0.001 2.08 <0.001 2.08 <0.001
M1 PEL 2.97 <0.001 2.50 <0.001 2.50 <0.001
C1 (age) – – –0.1518 <0.001 –0.15 <0.001
C2 (sex) 1.7666 <0.001 1.76 <0.001
C3 (chronic illness) –0.0552 0.78
Constant 3.16 <0.001 13.26 0.00 13.15 <0.001
R2 0.352 <0.001 0.459 0.000 0.459 <0.001

Table 3 provides coefficients (Coeff.) and p values for the individual’s educational level assessed
during the model construction process, including variables such as childhood residence area
(X CRA), parents’ education level (M1 PEL), and covariables such as age, sex, and chronic
illness. The final model was constructed considering the influence of the covariables on the result.
Model 1: unadjusted; Model 2: adjusted for age, sex, and chronic illness, F (5,1472) = 249.7334.
Model 3: Adjusted for age and sex, F (4, 1473) = 312.3429. The use of chronic illness as a
covariable did not show any significant result in the final model.

that both genetic makeup and engagement in diverse
risk and protective activities vary across diverse
populations [9, 37–39], it is crucial to understand

to what extent the results found in Western soci-
eties can be replicated in other regions. Moreover, the
risk of pathological aging results from the complex
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Table 4
Model Construction: Lifestyle factors, educational level and cognitive performance

Model 1 Model 2 Model 3 Model 4

Antecedent Coeff. p Coeff. p Coeff. p Coeff. p

X IEL 2.06 <0.001 1.60 <0.001 1.6 <0.001 1.62 <0.001
M1 RT 0.73 <0.001 0.79 <0.001 0.8 <0.001 0.8 <0.001
M2 PAT 0.48 0.04 0.52 0.02 0.53 0.02 0.54 0.02
M3 CSS –1.36 0.31 –0.47 0.71 – – – –
M4 AC 2.42 <0.001 0.69 0.35 – – – –
C1 (Age) – – –0.58 <0.001 –0.58 <0.001 –0.57 <0.001
C2 (Sex) – – 0.86 0.28 0.98 0.20 – –
C3 (Chronic illness) – – –0.28 0.70 – – – –
Constant 47.76 <0.001 89.97 <0.001 89.93 <0.001 89.7 <0.001
R2 0.4163 <0.001 0.4889 <0.001 0.4885 <0.001 0.4879 <0.001

Table 4 provides the coefficient (Coeff.) and p values for cognitive performance tested during the model construction process, including
variables such as individual educational level (in years; X IEL), reading time per week (M1 RT), physical activity time per week (M2 PAT),
current smoking status (M3 CSS), and alcohol consumption (M4 AC), and covariables such as age, sex, and chronic illness. Model 1:
unadjusted including all variables, F (5,1472) = 209.9829, Model 2: Includes all variables, adjusted for age, sex, and chronic illness, F
(8,1469) = 175.6224; Model 3: Including IEL, RT and ST, adjusted for age and sex, F (5,1472) = 281.1679; and Model 4: Including IEL, RT
and ST, adjusted for age, F (4,1473) = 350.9081. The use of chronic illness as a covariable did not show any significant result in the final
model.

interaction between genetics and environmental
exposures experienced throughout life [40, 41], and
thus focusing on a single aspect of lifestyle may be
insufficient to reduce the risk of cognitive decline.
Therefore, the present study is focused on selected
risk and protective factors of cognitive decline
grouped under two categories: sociodemographic and
lifestyle factors. Our objective was to investigate the
potential mediating effect of these factors on the cog-
nitive function of Peruvian older adults who had been
raised in either rural or urban environments.

The impact of sociodemographic factors has been
studied extensively in the literature. The place where
people live defines many aspects of their health
and well-being, especially during the early years’
development. These conditions, influenced also by
economic, social, political, and environmental forces,
are called social determinants [27, 42] and impact
the populations across the LAC [12, 43, 44], where
the inequities are visible even within the same coun-
try. The residence area during childhood is strongly
associated with intrauterine growth and development,
mediated by nutrition, living conditions, access to
education, and early stimulation at home [29, 42].
However, these adverse conditions are potentially
modified by parenting support, education, and the
inclusion of lifestyle protective factors [10, 42].

Our results confirm the effect of sociodemographic
factors on years of formal education, which in later
life predicts cognitive performance. Importantly, our
study also provides a deeper analysis of the complex
relationships that emerge among these key variables.
First, nonmodifiable sociodemographic factors (i.e.,

childhood residence area) predict the participant’s
education level, an effect mediated by the parent’s
formal education level. In this sense, people who
reported having lived in a rural area during their child-
hood and who had less educated parents are estimated
to have on average 2 points lower formal educa-
tion than those who lived in urban areas. Second,
the effect of years of formal education on late-life
cognitive performance appears to be mediated by
modifiable factors (i.e., reading time per week and
physical activity time per week), explaining 49% of
the variance in ACE-R scores. These protective fac-
tors could exert their effects by means of increasing
cognitive reserve, which has been described as the
ability of the brain to preserve its normal functioning
despite the presence of underlying structural damage
[6, 42], and represent behaviors related to cognitive
enrichment, which may stimulate neurotrophic fac-
tors in the brain [45]. Nevertheless, we should bear
in mind that the individual’s educational level might
have also affected the participant’s ability to com-
prehend and navigate the cognitive test, which could
have influenced our overall results [46].

Interestingly, even though there has been straight-
forward evidence that alcohol consumption [47, 48]
and smoking [2, 49, 50] are independent risk factors
for dementia, these two factors were not significantly
associated with cognitive performance in our study.
The probable reason is the low consumption levels
in the sample, whose percentage is lower than that
reported in 2016 on consumption in the last 30
days (17.4% versus 20.7%) of older adults con-
suming alcohol. Something to consider here is the
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sociocultural validation and the roots of alcoholic
beverages in the Andean region and rural areas. It
is possible that its consumption is not considered a
health problem and is underestimated [48].

Finally, projections suggest that by 2050, the
prevalence of dementia in Latin America would
quadruple [3], while in Europe and the US, it is
expected to double [51, 52]. Furthermore, the eco-
nomic burden attributable to dementia in low- and
middle-income countries has also been estimated to
increase between 47–71% over the next 15 years
[12, 44, 53, 54]. In this context, our results might
aid in the design of science-based strategies to
partially prevent or alleviate the impact of such
burdensome predictions. Nevertheless, better esti-
mations are needed considering the limited reliable
epidemiologic data, socioeconomic and sociocultural
differences, reduced access to mental health facilities,
and the absence of specific policies and protocols for
the early diagnosis and treatment of dementia [12].

This study is not exempt from limitations. For
example, although participants underwent exten-
sive cognitive screening, the present study lacks
the utilization of proper diagnostic tools that would
have enabled us to identify cases of mild cognitive
impairment or dementia. Along this line, lifestyle
characterization relied solely on self-reported mea-
surements. Moreover, participants were recruited
from urban settings, and information regarding child-
hood residence areas after the age of 6 was not
available. This means that the exact timing when
rural children moved to the city was not collected,
which could have been used in secondary analyses.
Furthermore, future studies could aim to include the
analysis of social determinants at different ages as
well as their influence on cognitive performance at
different life stages (i.e., before the age of 10 and
between 35 and 45 years old). Nevertheless, the uti-
lization of mediation analyses contributed to deepen
our understanding of the relationships among the
variables included in the model. Beyond the statis-
tical approach, this study presents several strengths,
for example, the ample sample size and the thorough
characterization of an understudied population in the
wider literature.

Finally, our results suggest that there is room for
the implementation of evidence-based public policies
that could restrict the detrimental effects of non-
modifiable factors, reducing cognitive decline and
dementia risk in the Peruvian population. Along this
line, the political support for the elderly and dementia
prevention in Peru is visible in two laws focusing on

the improvement of the quality of life of the elderly
(Law N◦ 30490) and on the prevention and treatment
of Alzheimer’s disease and other dementias (Law N◦
30795). Despite these initiatives, their full implemen-
tation is far from complete, especially considering the
absence of specific mental health facilities or govern-
mental budgets for dementia [55].

Conclusions

Altogether, this study fosters our understanding
of the interaction between modifiable and
nonmodifiable sociodemographic and lifestyle
factors on cognitive performance in late life. Here,
we show that although nonmodifiable factors (i.e.,
childhood residence area, parents’ educational level)
have an impact on older adults’ cognition, their
influence is mediated by other factors that are indeed
modifiable (i.e., reading time, physical activity
engagement).

For instance, there is no effective pharmacologi-
cal treatment currently available to prevent or cure
dementia and cognitive decline. It is appropriate
that more initiatives encouraging a healthy lifestyle
and promoting brain health activities (for example,
through exercise, diet, brain enrichment activities,
social interaction) and other factors be promoted by
the government and other organizations. In addi-
tion, more studies are needed to identify lifestyle
protective factors that reverse the influence of non-
modifiable factors that impact cognition.
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